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Introduction: ADHD is a major reason for the referral of children and adolescents to
health care services due to the multidimensional nature of the impairment experienced
by patients with this disorder. As such, the aim of this study was to determine whether
neuropsychological and academic performance act as significant predictors of
symptom intensity and quality of life in children and adolescents with ADHD.
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Method: The sample consisted of 96 children/adolescents with a diagnosis of
ADHD, aged between 6 and 16 years (mean=10.23; SD=2.37). Symptom intensity
was assessed using the SNAP-IV. The APT was used to evaluate school performance.
Neuropsychological assessments were obtained using the WISC-III. Quality of life
was determined using the Peds-QL4.0. Results were examined using correlation
analysis and general linear models (GLMs).
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Results: Univariate analyses revealed a significant influence of gender on the severity
of inattention and hyperactivity symptoms, as well as physical QOL. Age only
influenced the severity of inattention symptoms and the social domain of QOL. The
school domain of QOL was predicted by writing, arithmetic, reading and total scores
on the APT. Multivariate analyses revealed a significant impact of neuropsychological
performance on symptom severity and social quality of life. Academic performance
predicted scores on the physical, emotional and social domains of QOL.

Discussion: The variables examined in the present study were significant predictors
of inattention and hyperactivity symptoms in children and adolescents with ADHD.
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Introduction

ADHD is one of the most widely studied conditions in school-
age children, and a major reason for referral to health care services
due to the multidimensional nature of the impairment experienced
by patients with this disorder.! The prevalence of ADHD in the
pediatric population is estimated to be 7%.> ADHD is characterized
by symptoms of inattention, hyperactivity and impulsivity, with
onset before age 12, which often continue into adolescence and
adulthood, in one of three forms of clinical presentation: combined,
predominantly inattentive, and predominantly hyperactive/impulsive
(APA, 2013). According to expert opinion® and patients themselves*
the most common functional impairments in ADHD are associated
with neuropsychological performance (especially attention)® school
performance and social functioning.’*

The presence of neuropsychological impairments in patients
with ADHD relative to control subjects is corroborated by studies
involving neuropsychological assessment, especially of the executive
functions.”” However, short-term memory is the only cognitive
function to have shown a specific association with the severity of
hyperactivity symptoms.® There is no consensus in the literature
regarding the association between the clinical presentation of
ADHD and specific patterns of cognitive impairment. Executive
functioning profiles, for instance, have been found to vary widely

between patients.” There is also a need for additional research into
the association between symptom severity and neuropsychological
performance in these populations.

Academic achievement studies have identified significant
impairments in adolescents with ADHD relative to control subjects.!*12
Difficulties in reading and writing in ADHD have been attributed
to alterations in working memory and described as a secondary
consequence of self-regulation and attentional deficits inherent to
the disorder.”” Adolescents with ADHD report several difficulties
related to school, home, leisure and social activities, corroborating
the reports of their caregivers.* However, these issues have only been
investigated through correlational or association studies, precluding
the identification of causal relationships between the variables studied.

In addition to studying functional impairment, studies of ADHD
have also investigated the impact of the condition on quality of life
(QOL)." QOL is defined as the perceived well-being and satisfaction
of an individual with their position in life in the context of the culture
and value systems in which he lives'* or, alternatively the satisfaction
of desires and wishes." It is a subjective and multidimensional concept,
which taps into physical characteristics, psychological status, personal
beliefs, social relationships and the individual’s environment.'
Health-related quality of life (HRQOL) refers to the influence of
health on perceived well-being.'®* ADHD has a negative impact on
QoL both according to the children/adolescents themselves'>'®!” and
their caregivers'>!*2 especially in the psychosocial domain.'>!” There
is still a need for additional research into the predictors and causes of
poor QoL in children with ADHD.'>!
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The identification of predictive and causal relationships between
factors associated with ADHD allows for a better comprehension
of this condition and a deeper, multidimensional understanding
of this area of research. In light of these observations, the aim of
this study was to verify whether neuropsychological and academic
performance act as predictors of QoL and the severity of inattention
and hyperactivity symptoms in children and adolescents with ADHD.
We also sought to investigate the effects of gender and age on QoL
and symptom severity in this population.

Method

Participants

The sample consisted of 96 children and adolescents aged 6 to 16
years, with a diagnosis of ADHD. Patients were evaluated between
August 2014 until June 2016 in a university reference hospital.
Sample size was calculated using G*Power 3.1.' The following
parameters were considered: statistical power=0.95, alpha error
rate=0,05, effect size F>=0.35(high) and 11 possible predictors (Verbal
1Q, Performance 1Q, Full Scale 1Q, Verbal Comprehension Index,
Perceptual Organization Index, Freedom from Distractibility Index,
Processing Speed Index, Arithmetic Score, Writing Score, Reading
Score, Total Achievement Score). The minimum sample size required
for the GLM analysis was 83 participants.

Procedures

Participants were diagnosed by a neuropediatrician according to
DSM-V criteria. Only participants with normal or corrected vision
were included in the study. Children/adolescents with incapacitating
neurological or psychiatric conditions, such as cerebral palsy, autism,
major depressive disorder, untreated metabolic disease, speech or

Table | Sample characteristics
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motor impairments, were not included in the study. The presence
of these conditions was determined by the neuro pediatrician. All
experimental procedures were performed in accordance with ethical
standards. Legal guardians provided written informed consent to their
children’s participation in the study, and all participants aged 12 years
or older signed an informed consent form, as recommended by CNS
Resolution 196/96 for research with human subjects. This study was
approved by an institutional ethics committee under project number
668.685 and CAAE number 23541914.5.0000.5152.

Participants were asked to suspend stimulant medication
(methylphenidate or lisdexamfetamine) for at least 12 hours prior
to neuropsychological assessment. The temporary disruption in
medication use was supervised by a neuropediatrician. However, it
is important to note that most participants had only been recently
diagnosed and had never received stimulant treatment for ADHD. Two
assessment sessions were conducted with each child on two separate
days instruments were administered in the following order: half the
WISC-III and the PEDS-QL in session 1, half of the WISC-III and
the APT in session 2. Participant characteristics are shown in Table 1.

Instruments

Participants completed four assessment instruments. The SNAP-
IV2223 ig a rating scale for parents/guardians and teachers based on
DSM criteria for ADHD. Items are scored on a Likert scale ranging
from 0 to 3 (not at all, just a little, quite a bit, very much). Symptoms
of inattention and hyperactivity are measured by nine items each. In
the present study, the SNAP-IV was administered to the caregiver
who spends the most time with the child/adolescent during the first
neuropsychological assessment session. Mean scores were calculated
for each symptom domain for later analysis.?

Inattentive presentation

Hyperactive presentation

Combined

N=45 N=2 presentation n=49 Total N=96
Male, n (%) 32(33.33) 2(2.08) 43(44.79) 77(80.20)
Age, mean years (SD)  10.94(2.46) 9.50(2.12) 9.74(2.23) 10.23(2.37)

The Academic Performance Test (APT) was developed by Stein®*
validated for use in 2nd through 6th graders (children aged 5 to 11).
Normative data is also available for children aged 11 years or older.
The APT evaluates writing, arithmetic and reading skills, providing
standardized scores for each section, in addition to a total score for
each child/adolescent.

The Wechsler Intelligence Scale for Children®? has been
validated for children between the ages of 6 years to 16 years 11
months. The instrument evaluates attention, concentration, processing
speed, freedom from distractibility, and reasoning skills on a scale
composed of 12 subtests. WISC-III was chosen as a research
instrument rather than WISC-IV (Wechsler, 2013) after evaluating
the cost-benefit ratio of the evaluation instruments. In the analysis
performed, WISC-III proved to be useful and valid to the objectives of
this study, it is accepted by the System of Evaluation of Psychological
Tests (SATEPSI) of the Federal Council of Psychology in Brazil and
attendance to the proposed statistical analyzes. Another important
factor analyzed was the cost of the WISC-IV and its protocols that
would make it unusable for research purposes, since it is necessary to

carry out all research involving several instruments, not only WISC.
Therefore, WISC-III met all the necessary requirements for this study
purposes.

The Pediatric Quality of Life Inventory 4.0’ is a measure of
HRQoL for children and adolescents aged 2 to 18. The questionnaire
comes in two different versions (child/adolescent and caretaker). The
PEDS-QL contains 23 items, divided into four domains (physical,
emotional, social and school). Each item is scored on a Likert scale
ranging from 0 to 4 (never, almost never, sometimes, often, almost
always) based on the last month prior to the assessment. Higher
scores are indicative of a higher HRQoL.” In the present study, the
questionnaire was only administered to the children/adolescents
themselves.

Statistical analysis

Data were analyzed using descriptive statistics, as well as Pearson
and Spearman correlations. General linear models (GLM) were
also used to investigate the impact of each independent variable on
children/adolescents with ADHD. No violations of GLM assumptions
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were identified (linearity, normality and homogeneity of variance).
Data quality was determined by an analysis of floor and ceiling effects
(<15%) for each variable Bennett et al. Ceiling effects were observed
on SNAP-IV scores, due to the clinical characteristics of the sample
(presence of ADHD). Floor effects were observed on PEDS-QL
scores. There is no consensus in the literature regarding impairments
in QOL in children with ADHD, with some studies suggesting that
these individuals’ perceived QOL does not differ from that reported
by control participants, or from caretaker assessments. Nevertheless,
some studies suggest that children with ADHD may experience
reduced quality of life.!>!?

Table 2 Descriptive analysis of assessment data
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The reliability (Cronbach’s alpha) of the instruments used in
the present study was also analyzed, as shown in Table 2. Values
equal to or greater than 0.7 were considered satisfactory.” The main
effect of each independent variable on symptom severity and QOL
were evaluated separately. The effects of any interactions between
independent variables on symptom severity and quality of life were
also verified. Participants with a Full-Scale IQ below 80 (n=7).° or
who no longer wished to take part in the study (n=15) were excluded
from the analysis. The final sample of 96 participants had no missing
data and met all inclusion criteria and no exclusion criteria for the
study.

msumene RSB Vet N e G, e
SNAP 0.864 Inattention 96 3.90% 34.70% 2.09 0.47
Hyperactivity 96 14.80% 32.07% 1.78 0.78
WISC-lII 0.926 Verbal IQ 96 0% 0% 95.25 18.29
Performance IQ 96 0% 0% 96.34 14.66
Full Scale IQ 96 0% 0% 95.28 15.87
Verbal Comprehension 96 0% 0% 97.39 19.29
Perceptual Organization 96 0% 0% 97.70 15.00
FD"I‘:i‘z:bfllrl‘:;" 9% 0% 0% 85.00 1437
Processing speed 96 0% 0% 91.19 13.34
SAT 0.837 Writing 96 2.50% 0% 16.88 10.60
Arithmetic 96 2.50% 0% 11.03 6.75
Reading 96 5% 0% 50.67 22.98
Total Score 96 0 0% 78.56 37.51
Peds-QL 0.788 Physical 96 51.27% 5.08% 79.32 14.77
Emotional 96 26.27% 15.00% 67.56 17.96
Social 96 48.13% 7.11% 74.93 18.61
School 96 21.18% 14.74% 61.67 17.87

Note: SNAP ADHD symptom severity scale;WISC, wechsler intelligence scale for children; 1Q, intellectual quotient; SAT, school achievement test; PEDS-QL,

quality of life scale.
Results

The descriptive analysis of assessment data is shown in Table 2.
Symptom severity

Asignificant negative correlation was observed between Arithmetic
scores on the APT and the severity of hyperactivity symptoms (r=-
0.275; p=0.007). No significant correlations were observed between
neuropsychological performance and the severity of inattention/
hyperactivity symptoms (p>0.183). Age was negatively correlated
with the severity of hyperactivity symptoms (r=-0.226; p=0.027).

Table 3 shows the effects of gender and age on symptom severity
as determined by univariate analysis (GLM). Neuropsychological had

no significant effects with the severity of inattention/hyperactivity
symptoms (p>0.079), even as academic performance had no other
significant effects on symptom intensity (0.240). The multivariate
analysis of interaction effects revealed a significant impact of
neuropsychological performance on the severity of inattention
(R?=0.336; p=0.025) and hyperactivity symptoms (R?=0.318; p=0.043)
after controlling for the effects of sex and age. The multivariate
analysis of school performance and symptom severity revealed no
significant effects of the former on hyperactivity symptoms (p>0.120).

Quality of life
No significant  correlations were  observed  between
neuropsychological performance and QoL scores (p>0.108).
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Correlations between school performance and QoL were also
nonsignificant (p>0.079). Age was not significantly associated with by univariate analysis (GLM) are shown in Table 4.

Table 3 Univariate analysis of the effects of sex and age on symptom severity
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QoL (p>0.135). The effects of gender and age on QoL as determined

Neuropsychological performance

GLM Gender Age
SS F p-value R? SS F
Variables Inattention 1.232 6.242 0.014%* 0.075 3512 1.78
SNAP-IV Hyperactivity 2918 5.094 0.026* 0.062 6.824 [.191
Academic performance
GLM Gender Age
SS F p-value R? SS F
Variables Inattention 1.738 9.348 0.003* 0.105 3.758 2.021
SNAP-IV Hyperactivity 3.742 6.842 0.010% 0.079 3.118 0.57
Note: GLM, general linear model; SS, sum of squares.
Table 4 Univariate analysis of the effects of sex and age on quality of life
Neuropsychological performance
GLM Gender Age
SS F p-value R? SS F p-value R?
Variables Physical 971.648 4.75 0.032% 0.058 2901.485 1.418 0.188 0.156
PEDS-QL Emotional 456.936 1.344 0.25 0.017 2796.744 0.823 0.608 0.097
Social 654.736 2.16 0.146 0.027 6083.487 2.007 0.043* 0.207
School 13.126 0.039 0.844 0.001 2077.971 0.616 0.796 0.074
Academic performance
GLM Gender Age
SS F p-value R? SS F p-value R?
Variables Physical 1226.595 6.281 0.014%* 0.073 2706.982 1.386 0.202 0.148
Peds-QL Emotional 564.976 1.867 0.176 0.023 4275.372 1.413 0.19 0.15
Social 821.747 2.864 0.094 0.035 7059.334 2.46 0.012* 0.235
School 92.497 0.296 0.588 0.004 2023.605 0.647 0.769 0.075

Note: GLM, general linear model; SS, sum of squares.

No other significant effects of neuropsychological performance
on QoL were identified (p>0.099). The univariate analysis of

academic performance demonstrated

that writing (R?*=0.091;

p=0.006), arithmetic (R?>=0.095; p=0.005), reading (R*=0.093;
p=0.005) and total scores (R*=0.176; p=0.005) had a significant
impact on the school domain of QOL. No other significant effects

were identified in this analysis (p>0.094). The multivariate analysis
of the interaction between neuropsychological performance and QOL
revealed a significant effect of neuropsychological performance on
the social domain of QOL after controlling for the effects of sex and
age (R?=0.399; p=0.002). The results of multivariate analyses of the
effects of academic performance on QoL are shown in Table 5.

Table 5 Multivariate analysis of the effects of academic performance on quality of life

Quality Of Life

GLM Physical Emotional

SS F p-value R? SS F p-value R?
Corrected model 6763.943a 2.071 0.014* 0.326 9701.342b  1.982 0.020% 0317
Intercept 282371.22 1556.508  0.000* 0.953 234254.8 861.271  0.000* 0918
Age* Sex* Writing* Arithmetic* Reading* Total Score  6763.943 2.071 0.014%* 0.326 9701.342 1.982 0.020%* 0317
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Table Continued....
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Quality Of Life

GLM Physical Emotional

SS F p-value R? SS F p-value R?
Corrected model 14049.872¢  3.186 0.000% 0.427 5282.631d  0.902 0.578 0.174
Intercept 271237.07 1107.033  0.000% 0.935 175483.7 539.104  0.000* 0.875
Age* Sex* Writing* Arithmetic* Reading* Total Score  14049.872 3.186 0.000* 0.427 5282.631 0.902 0.578 0.174

Note: GLM, general linear model; SS, sum of squares
Discussion

The aim of this study was to determine whether neuropsychological
and school performance can predict QoL and ADHD symptom severity
in children and adolescents. Sex and age exerted a significant influence
on QoL as well as the intensity of both inattention and hyperactivity
symptoms. Neuropsychological performance was a significant
predictor of symptom severity, while academic performance predicted
both symptom severity and QoL.

According to several studies in the literature, the
neuropsychological assessment scores obtained by patients with
ADHD are lower, though still in the normal range, than those obtained
by control subjects.’”” Neuropsychological tests evaluate attention,
memory, perception, intelligence, processing speed, resistance to
distraction, as well as verbal skills.>>*! The present findings showed
that the neuropsychological performance of children and adolescents
has a direct predictive influence on the severity of inattention and
hyperactivity symptoms as assessed by participant caretakers. Sjowall
D et al.*? have demonstrated that neuropsychological impairments in
pre-school children have a predictive influence on ADHD symptoms
and academic performance throughout childhood into adolescence.

Improvements in neuropsychological performance are associated
with decreased ADHD symptom severity.* Cerebral functions may
also influence the evolution of ADHD symptoms in early childhood,
leading to a decrease in severity and associated impairments as a
result of neural development. ADHD is a heterogeneous disorder,
associated with variable patterns of impairment in the executive
functions and other cognitive processes in children and adolescents.*
Neuropsychological assessment scores were also identified as
significant predictors of social QOL. This domain includes the peer
relationships of the child or adolescent.?® As such, the cognitive skills
of children/adolescents with ADHD appear to predict the way they
perceive their social relationships. The reading, arithmetic, writing
and total scores on the APT accounted for 9.1, 9.5, 9.3 and 17.6%,
respectively, of the variance in school QOL. This domain of the
PEDS-QL evaluates the ability to pay attention in class, the frequency
with which the child forgets things, any difficulties in completing
classroom activities, and the frequency with which they miss school
due to illness or medical appointments.?

The association between ADHD symptoms and impaired school
performance has already been discussed in several studies''
which have emphasized the importance of pharmacological and
multidisciplinary approaches to improve academic outcomes in
children with this condition.!® However, these studies were limited
to a comparative analysis of academic performance in patients with
ADHD and control samples, but did not identify, for instance, any
predictor variables associated with this relationship. The present
findings demonstrated that all measures of academic performance

had a significant impact on children and adolescents with ADHD in
terms of their perceived well-being and satisfaction with the school
environment. The impairments associated with ADHD may have
an impact on children’s family, school and social environments, in
addition to having a negative influence on QoL.!>!%27:28

The multivariate analysis of school performance revealed it to
have a significant impact on physical, emotional and social QoL.
Academic performance explained 32.6% of the variance in physical
QoL, 31.7% of the variance in emotional QoL, 42.7% of the variance
in social QoL.

The physical domain of QoL taps into physical health and daily
activities such as walking, running, taking a bath or shower, while
the emotional domain evaluates feelings and related issues reported
by the child or adolescent, such as fear, sadness, nervousness, trouble
sleeping or concerns about the future. The social domain of QOL
evaluates their perceptions regarding peer relationships.?

The present findings suggest that academic performance may
predict the levels of satisfaction reported by children and adolescents
with ADHD with regards to the physical, emotional and social aspects
of their QoL. The negative impact of ADHD on the QoL of children
and adolescents has already been discussed in the literature. The most
commonly affected areas, according to both the patients and their
caretakers, are the physical and psychosocial (emotional, social and
school) domains of QoL."” Hareendran et al.* found that adolescents
with ADHD reported significant functional impairments associated
with their condition, especially with regard to school, home, leisure
activities and social interactions.

Univariate analyses revealed a significant influence of gender
on the severity of inattention and hyperactivity symptoms, as well
as physical QOL. Age only influenced the severity of inattention
symptoms and the social domain of QOL. Academic performance
variables were also predictive of scores on the school domain of QoL.

Multivariate analyses demonstrated a significant predictive effect
of neuropsychological performance on the severity of inattention
and hyperactivity symptoms, as well as the social domain of QOL.
Academic performance predicted scores on the physical, emotional
and social domains of QoL.

According to Swanson et al.”? the hyperactive presentation is the
least common in samples with ADHD. In addition to corroborating
this phenomenon, the present sample also included a higher number
of boys than girls, as has been reported in previous investigations.'*
Although sex was identified as a significant predictor in the univariate
analysis, it showed only a weak association with remaining variables.
Similar findings were obtained by Lee et al.!” who found that gender
had a limited impact on the QoL of children and adolescents with
ADHD. The authors suggest that gender may act as a moderator in
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different domains of QoL, which may explain its limited influence in
the present study.

Arnett et al.’® have identified significant differences in symptom
severity between boys and girls with ADHD, which appear to be
moderated by cognitive variables such as processing speed, inhibition
and working memory. This may explain the significance of gender as
a predictor of symptom intensity in the present study. Additionally
Arnett et al.’® have demonstrated that gender and symptom severity
are mediated by genetic factors, suggesting the need for a more
comprehensive explanatory framework for the relationship between
ADHD symptom severity and gender, since there is no consensus in
the literature regarding the association between these variables, many
studies continue to demonstrate an absence of gender differences in
the presentation of this disorder.’!

The impact of age on the severity of inattention symptoms may be
related to the developmental trajectory of the executive functions in
childhood, which accompanies the maturation of cognitive attentional
processes and their structural/functional neural correlates. This
finding may also be attributed to an age-related increase in the use
of cognitive strategies.’” The negative impact of ADHD on QoL has
been demonstrated by several studies, including systematic reviews
and meta-analyses.'>"* Symptom severity is negatively associated
with QOL appears to decrease with age.'*! According to meta-
analysis findings, age has a negative impact on perceived satisfaction
in children/adolescents with ADHD, with older patients reporting
progressively lower levels of well-being.” The present findings
corroborate these observations by demonstrating the predictive
influence of age on social QoL.

In this research, symptom severity was assessed by the caretakers
who spend the most time with the child. Future studies may also
wish to consider teacher ratings, as they spend the most time with
the children/adolescents in situations requiring greater attention and
impulse control. Additional measures of other variables associated
with academic performance may also be of interest for future
investigations. Our findings highlight the importance of moving
beyond individual questions addressing the environmental and social
issues reported by individuals with ADHD. Poor social competence can
be associated with several impairments to life functioning, including
emotional, behavioral issues, low self-esteem, anxiety and depression.
According to Schei et al.’® social and individual competences are
important mediators of the association between emotional issues
and QoL in patients with ADHD. As such, adolescents with higher
levels of social and personal competence may be less vulnerable to
emotional issues and report better QoL. Another study has suggested
that planning and organization skills predict academic achievement in
children and adolescents aged 10 to 14 years.*

The present study also underscores the need for academic
interventions for children/adolescents with ADHD, since academic
development proved to be a significant predictor of physical, emotional
and social well-being. Therefore, early academic interventions may
improve both educational achievement and perceived satisfaction
happiness in children and adolescents with ADHD. Additional studies
are still required to determine the impact of variables related to
ADHD,* and their causal, mediating or moderating effects on each
other. The present study is also relevant for health professionals who
work with children and adolescents with ADHD by signaling the
importance of including measures of QoL in assessment batteries,
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interventions, treatments and follow-up protocols. Some possible
limitations of the present study include the use of subjective assessment
instruments (SNAP-IV and PEDS-QL) evaluated by parent/caretaker
ratings of symptom severity. Nevertheless, our findings amplify the
traditional biomedical care model and provide relevant information
regarding ADHD from the perspective of children and adolescents
with this disorder.*!

Conclusion

Neuropsychological and academic performance were significant
predictors of both QoL and the severity of inattention/hyperactivity
symptoms. Age and gender also emerged as significant predictors of
the variables of interest.

Highlights: (4 to 5 points - 120 words

maximum - end of text)

i. Identification of predictors of quality of life and symptom
severity in children with ADHD.

ii. Age and gender had a significant influence on some aspects of
symptom severity and quality of life.

iii. Neuropsychological performance predicted symptom severity
and scores on the social domain of quality of life.

iv. Academic performance was a predictor of physical, emotional,
and social quality of life.

v. These findings and their implications must be investigated by
additional studies.
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